The study analyzed the effect of Roll Back Malaria Programme (RBM) on farmer's productivity in Benue State of Nigeria. Roll Back Malaria Programme is a global framework for coordinated action against malaria. A multi-stage random sampling technique was used in selecting 206 respondents from six Local Governments Areas. Data was collected with the aid of well structured questionnaires. The CobbDouglas stochastic production frontier was used for data analysis. The study showed that farm size, hired labour and quantity of seeds had positive and significant influence on farmer's output in a production pattern that exhibited decreasing return to scale (0.95). The study found technical efficiency of the farmers to vary from 0.14 to 0.95 with a mean of 0.71. Furthermore, farmer's experience (-2.68), use of LLIN (-2.42), access to healthcare (-1.84) and sex of farmer (-2.12) were found to reduce farmer's technical inefficiency. However, increase in sanitation (1.77) increased farmers' technical inefficiency in the study area. The study recommends that productivity of factors could be improved by expanding the farm size at the existing level of hired labour. Also, enlightenment programmes on the benefits of RBM and enlightenment campaigns should be encouraged for better and efficient production.
INTRODUCTION
Malaria is a health problem caused by plasmodium parasites. Malaria attacks an individual an average of four times in a year with an average of 10 to 14 days of incapacitation (Alaba and Alaba, 2002) . The frequency of malaria illness and criticality of associated morbidity often portend the disease as a serious economic problem. In many African communities, malaria is a household name with strong resilience and adaptability to different combinations of drugs. In addition to its health impact, malaria is an obstacle to economic development. The goal of the RBM is to halve the malaria burden through interventions that are adapted to local needs. The evolution of new tools (e.g. new Long-Lasting Insecticidetreated mosquito Nets [LLINs] , Rapid Diagnostic Tests [RDTs] , new drugs) and new strategies (scale-up for impact, expanding from a targeted approach to reach all at-risk people, seeking elimination where possible) is indicative of a partnership that has quickly matured and become responsive to diverse and rapidly changing needs and situations (Lagos State Ministry of Health, 2014) . Malaria and agriculture are related. This implies that there may be a bi-directional relationship between *Corresponding author. E-mail: atamahephzibah@yahoo.com Author(s) On one hand, agricultural environment provides suitable conditions for breeding of disease vectors which cause malaria in human beings. On the other hand malaria is capable of fuelling the nation's poverty situation by inhibiting critical investment plans in agriculture at the households level. Some socio-cultural practices of farmers also indirectly aid breeding of mosquito vectors. Every year the nation loses about N132 billion to malaria in man hours, while the illness drops the nation's annual Gross Domestic Product by 1% (Ogundipe, 2013) .
Malaria is still a big healthcare issue in Nigeria and the effect trickles down to agriculture. Rural and semimodern Nigeria is largely agrarian, thus, the effects of malaria on agriculture, health and development are widespread (Babalola et al., 2009 ). There are multiple channels by which malaria impedes development, including effects on fertility, population growth, savings and investment, worker productivity, absenteeism, premature mortality and medical costs (Sachs and Malaney, 2010) .
The Roll Back Malaria Programme faces challenges with farmer's socio-economic and socio-cultural behaviours in respect to adoption of the LLIN. Against the background of a deteriorating malaria situation and severe economic hardships particularly in Nigeria, this study is important.
Currently, studies on RBM are limited especially in the Benue state context. The only known study is that of Ogbegbor (2014) , who evaluated the managerial and the socioeconomic issues in the realization of RBM in Benue State. In respect of this research gap, this study aims at investigating the effect of RBM on farm household's productivity in Benue state.
MATERIALS AND METHODS

The study area
The study was conducted in Benue state, Nigeria. The State lies between longitude 7°47'E and 10°E and latitude 6°25'N and 8°8'N of the equator (NPC, 2013) . Benue state experiences a mean rainfall of 1500 mm and a temperature ranging from 24°C to 36°C and is at an elevation of 97 m above sea level in the southern guinea savannah agro ecological zone. The major occupation of people in the state is farming, these qualities make the study area suitable for malaria and productivity related research.
Sampling technique and sample size
The population for this study consisted of all farmer households in Benue State. The respondents were selected using multi-stage random sampling technique. The first stage involved the selection of two local governments from each of the three senatorial zones using simple random sampling technique; the second stage involved random selection of one council ward from each selected local government. The final stage involved a simple random selection of 5% of the total households in each council ward. Thus, a total of 206 respondents were selected including both beneficiaries and non-beneficiaries of the Roll Back Malaria Programme.
Method of data analysis
The stochastic production frontier model was used to analyze the productivity of farmers.
Empirical specification
The Stochastic production function used to analyze the productivity of farmers and was specified by the Cobb-Douglas frontier production function and it represented as follows: (1) Where Q is total value of output of the farmer in naira; βs are the parameters to be estimated; X1 is farm size in hectares; X2 is quantity of seeds in kg; X3 us fertilizers applied per hectare in kg/ha; X4 is family labour in man-days; X5 is hired labour in Naira; is Random error that is assumed to be normally distributed with zero mean and constant variance; = non negative random variable associated with technical inefficiency of production. The inefficiency of production is modelled in terms of factors that are assumed to be independently distributed such that is obtained by truncation (at zero) of the normal distribution with variance δ 2 and mean u where the mean is defined by: were also determined. Maximum likelihood estimates of parameters of the stochastic frontier and the inefficiency models were simultaneously estimated using Frontier 4.1 developed by Battese and Coelli (1995) .
The technical efficiency of an individual firm is defined in terms of the observed output (Qi) to the corresponding frontier output (Qi*) given the available technology. This could be expressed mathematically as:
Where: Qi = Observed output; Qi * = Frontier output Equation 3 can also be expressed as:
Where, 0 ≤ TE ≤ 1. The presence of technical inefficiency effects was tested using the generalized likelihood ratio test (λ), which is defined by: It is assumed that λ has a mixed chi-square distribution with degree of freedom equal to the number of parameters excluded in 
RESULTS AND DISCUSSION
Estimates of the parameters of the stochastic production frontier function
The maximum likelihood estimates (MLE) of the Cobb Douglas stochastic production frontier model and the ordinary least square (OLS) estimates are presented in Table 1 . The results revealed the presence of inefficiency among farmers in the study area based on the significance of gamma and the likelihood ratio (λ) test. The λ test which has mixed chi-square (χ 2 ) distribution stood at 85.06 , while the critical value of chi-square at 95% confidence interval and 8 degree of freedom, χ 2 (0.05, 8) = 15.51 , Thus the null hypothesis of no inefficiency effects ( γ = 0) was rejected (Model 1 ≠ Model 2) . This means that the traditional frontier model estimated with ordinary least square (which is estimated without the inefficiency effects) is not the adequate representation of the data, hence Cobb-Douglas Stochastic production frontier model which described the farm's specific inefficiency effects fits this data better.
The value of sigma squared is 0.37 and it was statistically significant at 1% level of probability indicating a good fit and correctness of the distribution. It also implies that the Cobb Douglas stochastic production frontier is the adequate representation of the data. The variance of the ratio (Gamma) which measures the effect of technical efficiency in the variation of observed output is 0.39 and its significant at 1% indicating that 39% of reduction from the maximum output is as a result of inefficiency in management on the part of the farmer which could be overcome by adopting the Roll Back Malaria measures of preventing malaria infection and increasing the productivity of family labour as a result of good health.
The sum of elasticities of the coefficients which is a measure of return to scale of the farmers was less than unity (0.95) indicating a diminishing return to scale. This implies that an increase in the quantity of all inputs employed by farmers in production in the study area will result in less than proportionate increase in the quantity of output produced.
Thus, farmers in the study area can expand their production through additional use of inputs. This is in agreement with the works of Tsue et al. (2013) and Shehu et al. (2010) that found the return to scale of cat fish and yam farmers in Benue state to be 0.95 and 0.98 respectively, indicating that the farmers had diminishing returns to scale. The estimated elasticities of the independent variables revealed that farm size and hired labour were statistically significant at 1% level while quantity of seeds used was significant at 5% level. More specifically, the result showed that farm size and hired labour were the most important factors for increasing the quantity of output of farmers in the study area as every 10% increment in the farm size and hired labour used increases the output of farmers by 8.5 and 0.4% respectively. This is however expected as large farm size with correspondent labour will increase the productivity of farmers.
Technical inefficiency analysis
Analysis of technical inefficiency model is Table 2 . Factors that were found to exert statistical influence on inefficiency of farmers include farming experience (-0.04), use of LLIN (-0.006), Sanitation as a result of enlightenment (0.32), Access to health care (-0.02) and sex of farmers (-0.37).
However, age, educational attainment and household size were found not to exert statistical significance on the level of farmers' inefficiency. Specifically, the result showed that the more years of experience in farming a farmer has the lesser his technical inefficiency. This is because the more experience a farmer has, the more he is likely to become technically efficient, this result is supported by Wollini and Brummer (2012) , that concluded that the most important factor that affects the level of technical efficiency of coffee farmers in Costa Rica was an experience in coffee production. Similarly, the more a farmer and his household make use of the long lasting insecticide treated nets (LLIN) the less likely they will get infected with malaria that is capable of keeping them away from farming activities either directly or indirectly and thus making them more technically efficient on the farm. Also, the positive and significant coefficient of sanitation on technical inefficiency model implies that this factor decreases technical efficiency of farmers in the study area. The negative relation between this variable and technical efficiency may be the case of farmers who think sanitation is enough measure to prevent malaria infection and increasing productivity.
Furthermore, access to health care increased farmer's technical efficiency, this is because when farmers fall sick because of mosquito bites and get rapid access to health care this helps to reduce the number of days they would have been incapacitated with malaria as a result of treatment they would have got from the health centres.
Alternatively, this implies that the more access to health care farmers get, the lesser their level of technical inefficiency. This is expected because when farmers are down with malaria and they get quick and prompt treatment from health care centres, they are more likely to recover on time thereby reducing the number of days they would have been incapacitated by malaria. The result also shows that having more males involved in farming activities, reduces technical inefficiency. This may be as a result of men giving more details to farming instruction than their female counterparts coupled with their ability to withstand the rigorous demands of farming compared to the female folks.
Efficiency estimates of farmers in Benue State
The frequency distribution of the estimated technical efficiency is presented in Table 3 . The result revealed that technical efficiency of farmers ranged between 0.14 and 0.95 with a mean of 0.71 which is less than unity indicating that the farmers are producing below the maximum technical efficiency frontier. This implies that technical efficiency of farmers in Benue could be increased by 29% through efficient use of available resources given the current state of technology. The results further showed that about 69.4% of the farmers had technical efficiency exceeding 60%.
CONCLUSION AND RECOMMENDATION
The study revealed that farm size, quantity of seeds and hired labour had significant effect on the output of farmers. The study further found out that technical efficiency of farmers varied due to the presence of inefficiency effects on the part of management. Specifically, years of schooling, farming experience, use of LLIN, access to health care and male farmers increased the technical efficiency of farmers while increase in sanitation decreased their technical efficiency. The result indicates that RBM has helped improved the productivity of the farmers even though the return to scale was 0.95 (diminishing returns). The mean technical efficiency of the farmers is 71 percent. This suggests that the technical efficiency could be increased by 29% if the available resources are efficiently utilized. The study recommends that productivity of factors could be improved by expanding the farm size at the existing level of hired labour. Also, enlightenment programmes on the benefits of RBM and enlightenment campaigns should be encouraged for better and efficient production.
